Devils Postpile National Monument is 319 ha in size, located in Madera County, California, on the western slope of the Sierra Nevada at an average elevation of 2280 m. Though small in size, the monument supports diverse habitats, including forests, chaparral, riparian corridors, meadows, seeps, and ponds. In 2001, the National Park Service conducted a survey to 1) inventory the vascular flora and document with vouchered specimens; and 2) describe the distribution and abundance of species of special management concern (rare and/or non-native). Methods coupled a species-level inventory with vegetation mapping, covered an estimated 70 percent of the monument's surface area, and combined broad and targeted search strategies. Survey results yielded a 121 percent increase (from 169 to 373) in the number of documented plant taxa, representing 60 families and 199 distinct genera. Forty-five percent of species were clustered within six families: Asteraceae, Poaceae, Cyperaceae, Brassicaceae, Onagraceae, and Boraginaceae. The survey found three rare and eight non-native taxa previously unknown from the monument and documented nine potential range extensions. Rare species included Cinna bolanderi (new county record), Hulsea brevifolia, and Mimulus laciniatus. Localized infestations of the non-native and invasive Cirsium vulgare were discovered. Control measures for this species were initiated during the field season and continued in subsequent years.
Devils Postpile National Monument is managed by the National Park Service for its outstanding geologic features and natural beauty. Located in Madera County, California, high on the western slope of the Sierra Nevada near the town of Mammoth Lakes (Fig. 1) , the monument attracts hundreds of thousands of visitors each year (average for years 2000-2010 5 118,381) . Primary attractions include the hexagonal basalt columns for which the monument is named and the picturesque 30 m drop of Rainbow Falls on the Middle Fork San Joaquin River. Of the 319 ha (798 acres) of Devils Postpile National Monument, 273 ha (674 acres) are designated as part of the Ansel Adams Wilderness. Both the John Muir and Pacific Crest Trails transect the monument.
During the summer of 2001, we completed a floristic inventory of the vascular plants in Devils Postpile National Monument and established vegetation plots as part of a vegetation mapping program for Sierra Nevada parks. Both of these efforts are components of the natural resource inventory phase of the National Park Service (NPS) Inventory and Monitoring Program for the Sierra Nevada Network parks (Devils Postpile National Monument, Sequoia and Kings Canyon National Parks, and Yosemite National Park). The primary purpose of the NPS natural resource inventories is to document the presence of resources in parks, and to assess and document the current condition and knowledge of these resources. Inventories allow comparison of existing conditions to reference conditions or the desired state of parks and establish a solid baseline for making scientifically sound management decisions (National Park Service 2009). In keeping with the goals of the NPS Inventory and Monitoring Program (Fancy et al. 2009 ; National Park Service 2009), the two main objectives of this study were: 1) to document the occurrence of at least 90 percent of the species of vascular plants occurring in the monument with vouchered specimens; and 2) to describe the distribution and abundance of species of special management concern, specifically, those designated as rare, threatened, endangered or invasive nonnatives. Results from this survey were initially reported in an unpublished report submitted to MADROÑ O, Vol. 61, No. 4, pp. 367-387, 2014 the Sierra Nevada Inventory and Monitoring Network (Arnett and Haultain 2005) .
Prior to this survey, available data on the flora of Devils Postpile National Monument were limited in the number of years collected, the geographic extent of areas surveyed, the percentage of vascular plants documented, and the locations of vouchered specimens. The estimated percentage of vascular plants captured by prior surveys was 82%, a figure based on surveys conducted from 1974 , an unpublished vascular plant list (Medeiros 1996 , and consultation with local experts (National Park Service 2001). The flora was known primarily from collections made by park naturalists in four years : 1972, 1977, 1978, and 1980 . K. Ann Hoffmann made 77 collections in 1972 representing 77 taxa in 27 families; Joseph L. Medeiros made 42 collections in the period between 1976 and 1980 representing 42 taxa in 21 families; Sandra C. Morey made 131 collections in 1980 representing 120 taxa in 28 families. The species list produced from these investigators included 235 taxa; however, only 169 of these were documented with herbarium vouchers. The labels of these vouchers, housed in the Devils Postpile National Monument Herbarium (DEPO), reveal that 99 percent or more of the collections were made along the Rainbow Falls Trail and in Soda Springs Meadow, both of which are in the eastern half of the monument in the vicinity of Middle Fork San Joaquin River (Fig. 2) .
These earlier collection efforts documented two rare and two non-native plant species. The two rare taxa, Lupinus duranii Eastw. and Hulsea brevifolia A. Gray, are both listed in the Inventory of Rare and Endangered Plants of California (CNPS 2014) . The current status of these taxa in the monument is discussed under Results/Rare and Endangered Taxa, below. The non-native taxa documented were Taraxacum officinale F.H. Wigg. and Phleum pratense L.
DESCRIPTION OF THE STUDY AREA

Geology
Devils Postpile National Monument sits at an average elevation of 2280 m (7600 feet [ranging from 2200-2500 m; 7200-8200 feet]) just below the Sierra Crest on the west slope of the Sierra Nevada. The postpile formation for which the monument is named is only one of the many manifestations of the widespread volcanic activity in this part of the Sierra Nevada. The basalt columns of the postpile were formed under a unique set of conditions: ample volume of magma, slow cooling time, and homogeneity of mineral composition (Huber and Eckhardt 1985) . Glaciers that flowed down the valley of the Middle Fork San Joaquin River eroded most of the lava flows of the area and exposed the rocks that we see in the monument today. Other major geologic units in the monument include andesite of Mammoth Pass, rhyodacite of Rainbow Falls, and basalt of the Buttresses (Clow and Collum 1985, Fig. 2 ). The soils are mostly sandy with a thin surface layer of loose pumice, but in the meadows there is some development of organic material.
Climate
The monument's climate is a reflection of its proximity to the Sierra Nevada Crest and the Mediterranean-type weather patterns of California. Characterized by cold, wet winters and warm, dry summers, the majority of precipitation at the monument falls in the form of snow during the winter months. Temperatures during winter storm events remain at or below freezing. Between-storm diurnal fluctuations are more extreme, with daytime temperatures reaching 15uC, and recorded lows sometimes below 218uC. Summer temperatures are moderate, with warm days and cool nights. Clear skies and low humidity are typical, but localized afternoon showers and flash floods created by monsoon patterns are possible during the summer months (Balmat and Scott 2010).
Vegetation
Near the headwaters of the Middle Fork San Joaquin River, this high-Sierra river corridor supports rich forests and verdant meadows. Species characteristic of both the wetter western and drier eastern slopes of the Sierra Nevada are present in Devils Postpile National Monument because of its proximity to the Sierra Nevada Crest. The monument falls within the central High Sierra Nevada geographic subdivision described by Baldwin et al. (2012) . Though small in size, the monument is diverse enough in its topography and geology to support a number of different plant communities, including forests, chaparral, meadows, seeps, ponds, and riparian systems. 
Forests and
Disturbance
During 2004, fire-history sampling was conducted in the monument. Partial sections from fire-scarred trees were used to date past fire events. Results indicate moderate fire frequency over much of the monument. The mean fire return interval for four sites ranged from 14 to 18 years over a time span from about 1700 to 1860 AD (Caprio et al. 2006) . Longer intervals between fires were indicated in the northwest corner of the monument where Tsuga mertensiana (mountain hemlock) and Pinus monticola (western white pine) occur.
The Rainbow Fire was ignited by lightning on August 20, 1992 south of Devils Postpile National Monument in the Inyo National Forest. Strong winds moved the canopy fire northward up the Middle Fork San Joaquin River from its point of origin near Pond Lily Lake. When the winds died down, the fire slowed and dropped to the forest floor, burning in surface fuels. Approximately two-thirds of the monument was affected by the fire. In many areas, fire crept along the forest floor, occasionally burning into trees. The southeast portion of the monument shows signs of high-severity, wind-driven fire with high tree mortality. The fire history results indicate fire was not an unusual event in most of the monument's forest communities; however, the absence of fire for 105 to 120 yr before 1992 was unprecedented and probably contributed significantly to the severity of the Rainbow Fire (Caprio et al. 2006) .
Most of the human activity and disturbance occurs near the eastern border of the monument, where visitation is concentrated around the postpile formation, Rainbow Falls, campgrounds, and the ranger station (Fig. 2) . Fishing is extremely popular in this part of the Sierra. Soda Springs Meadow and the gravel bars nearest the ranger station are heavily used by fishermen, resulting in the formation of unmaintained social trails, or ''fishing trails''. Horses and pack stock travel throughout the monument on the maintained trails. Visitation in the western half of the monument, especially to the south, is limited to hikers passing through on the King Creek Trail or the John Muir and Pacific Crest trail corridor (Fig. 2) . Disturbance is therefore limited in these regions.
METHODS
Search strategies and collection protocols were designed to accomplish the goals of documenting the occurrence of at least 90 percent of the species of vascular plants occurring in Devils Postpile National Monument with vouchered specimens and of describing the distribution and abundance of rare, threatened, endangered native species, and invasive non-native species. The survey was conducted by Melanie Arnett during the 2001 field season, which extended from June 18th through September 7th.
To obtain a thorough coverage of the monument and its habitats, Arnett combined broad searches aimed at covering as much area as possible with targeted searches of specific plant communities and habitat types. Because of the monument's relatively small size, it was possible to cover 70 percent or more of the total surface area on foot using this approach. With respect to habitat types, Arnett intermingled breadth with depth by visiting all habitat types found within the monument and thoroughly searching those likely to house species underrepresented in the previously-documented flora. Unique areas were visited repeatedly to capture plants at different phenological stages and to maximize the number of species documented by the survey.
Habitat-Specific Targeted Searches
Targeted searches enabled Arnett to document the distribution and abundance of both rare and non-native plant taxa occurring within the monument. A preliminary list of 43 ''specialstatus'' plants listed as rare by CNPS (Lists 1-4) that were either known or considered likely to occur in the monument was used to inform directed searches for rare and or sensitive taxa (CNPS 1994 (CNPS -2001 Jones and Stokes 2001) . Only two such taxa had previously been documented in the park. The majority of this list comprised potentially-occurring taxa documented to occur in areas adjacent to the park via searches of several data sources including collections at major California herbaria; the sensitive plant list for Inyo National Forest; and the California Natural Diversity Database (CNDDB 2000) (see Jones and Stokes 2001 for a complete list of data sources and ''special-status'' criteria).
Habitat-specific searches were conducted for non-native invasive species. Population size was estimated for all non-native taxa encountered; invasive species were pulled out by the roots and left to decompose on site. Plants too big to be pulled were chopped down as close to ground level as possible. Seed heads or fruits that could potentially mature were either removed or destroyed, depending on their level of maturity.
In addition to these surveys, a team of National Park Service botanists established 57 vegetation plots between July 25th and July 30th, 2001 to ground-truth the draft vegetation map of the monument. The draft map included 35 unique vegetation mapping units representing twelve alliances consistent with Yosemite National Park's draft vegetation classification report, published after this study (Keeler-Wolf et al. 2012) . Plots were established according to standardized sampling protocols developed by the National Park Service vegetation mapping program (The Nature Conservancy and Environmental Systems Research Institute 1994), and were located in a representative area of each delineated polygon. Arnett accompanied the crew, and while the NPS botanists established and intensively sampled the plots, Arnett conducted extensive surveys of the corresponding polygons. Their combined efforts ensured that all 35 mapping units were visited over the course of the field season, and that habitats containing under-represented plant communities were searched in a thorough manner.
Documentation of Plant Taxa
Representative specimens of all vascular plant taxa encountered within the 319 ha of the monument were collected in order to document the vascular flora of Devils Postpile National Monument. At each collection site, UTM coordinates were recorded using a Garmin GPS 12 Personal Navigator TM , and notes were taken on the aspect, percent slope, slope position, substrate, surface material, elevation, and plant community associated with the site. When possible, all parts of the plant necessary for identification were collected, and enough material for at least two full herbarium sheets was included. The field season included a total of 23 field collection days between June 18th and September 7th. Relative abundance of each taxon was estimated at the end of the field season.
Collections were made wherever a new taxon was encountered; however an effort was made to maximize the number of specimens collected at each site in order to increase efficiency. The majority of specimens were collected in June and July (Table 1) . On average, 10 specimens per site were collected in June, 3.5 in July, one in August, and two in September. Figure 2 illustrates the location of collection sites, each of which represents an area of approximately 25 m 2 . Though the large gaps without collection sites were searched, no collections were necessary in these areas. The highest concentration of collection sites was along the river, in riparian habitats and meadows, where species richness was highest. Hickman (1993 ), Munz (1965 and 1968 ), Botti (2001 ), and Cronquist et al. (1977 were the primary references used for identifications. Nomenclature originally followed Hickman (1993) , and has been updated for this publication to follow the second edition of the Jepson Manual (Baldwin et al. 2012; Jepson Flora Project 2013) . A total of 338 specimens were verified at the University and Jepson Herbaria in Berkeley, California (UC & JEPS) during the weeks of 9-13 July and 10-14 September 2001. The remaining 139 specimens were subsequently verified at the Rocky Mountain Herbarium in Laramie, Wyoming (RM). Dr. Allan Smith determined the ferns and Dr. Robert Dorn determined the willows. All other determinations were made by Melanie Arnett.
Vouchers from this study are deposited at the DEPO, Jepson, and RM herbaria. Vascular plant collection and distributional data compiled for this study are stored in an Access database, as are vegetation mapping plot data. Spatial data are stored in ArcView project files. Digital data are stored at Sequoia and Kings Canyon National Parks, where they are managed by the park plant ecologist.
RESULTS
The total number of vascular plant taxa now documented from Devils Postpile National Monument is 373 (List 1), representing a 121 percent increase over previous studies. We collected 507 specimens representing 343 taxa over the course of this study. From these specimens, 935 vouchers were produced; one complete set was deposited in the DEPO Herbarium, and duplicates, when available, were deposited at the Jepson and the Rocky Mountain herbaria (List 1). This study increased the total number of vouchers in the DEPO Herbarium from 287 to 754. A floristic summary for the monument is shown in Table 2 .
Two of the 43 potentially-occurring special status plants identified in Jones and Stokes (2001) were found: Hulsea brevifolia and Mimulus laciniatus.
Based on a 121 percent increase in the number of recorded vascular plant taxa, and the combination of both targeted surveys and plot-based sampling, we estimate that 90 percent or more of the vascular flora of Devils Postpile National Monument is now documented with vouchered specimens. At least 19 taxa that were previously documented with herbarium vouchers were not encountered during the field season of 2001, but vouchers were examined and confirmed by Arnett. An additional 25 taxa in List 2 were reported in the monument but never vouchered, or, if they were vouchered they were redetermined during the course of this study; these taxa may occur in the monument but they were not encountered during the 2001 field season. . This taxon is on CNPS List 1B; its threat rank is 0.2. It is interesting to note that the morphologic differentiation between H. brevifolia and H. mexicana is the number of ray flowers (10-23 and 20-35 respectively) and whether the corolla tube hairs are a mixture of glandular and nonglandular hairs, in the case of the former, or of all glandular hairs, as in the latter (Wilken 2013). This distinction was not apparent in the specimens examined at the UC & JEPS Herbaria. Hulsea mexicana, known in the U.S. from only a single location (San Diego County), grows in volcanic substrates and in burned or disturbed sites. At the time of this survey, H. brevifolia was quite common in volcanic substrates in the post-fire region of the monument. Vouchers from this study are deposited at the DEPO, JEPS, and RM herbaria.
Mimulus laciniatus (Phrymaceae), known from Amador, Butte, Fresno, Madera, Mariposa, Plumas, Tulare, and Tuolumne Counties, is documented from two collections in the monument: Melanie Arnett 8026, and 8309. This taxon is on the CNPS watch list (List 4), and its threat rank is 0.3. Both collections of this taxon were made from seeps on granite, which is in accordance with the habitat given in the Jepson eFlora (Jepson Flora Project 2013).
Non-native Taxa
Of the eight non-native taxa (List 1) that were documented, Cirsium vulgare (bull thistle) was the only taxon that appeared to be rapidly expanding. Numerous populations of this taxon, each consisting of 5-250 individuals, were encountered, especially in the area known as the Buttresses (Fig. 2) . Removal efforts began for C. vulgare in 2001; follow-up control measures were implemented on all populations of C. vulgare in subsequent years (see Methods). The majority of the other non-native taxa were more localized, occurring near the ranger station in and around the meadows that are used for access to fishing (Fig. 2) .
Potential Range Extensions
Based on the range descriptions provided in the Jepson Flora Project (2013), nine range extensions were documented with this inventory (List 3). The extension of these ranges included six elevation extensions, which varied from a difference of 200 m to 1000 m in elevation. Four taxa documented through this survey represent new occurrences within the central High Sierra Nevada subdivision of California.
DISCUSSION
The results of this inventory support Ertter's (2000) assertion that comprehensive, species-level inventories are not too cumbersome to be of value, as is generally assumed from both a logistical and financial standpoint. The small size of Devils Postpile National Monument provided ideal conditions for coupling a species-level inventory with vegetation mapping in a timely and fiscally responsible manner, as is outlined by the Inventory and Monitoring program and advocated by Charlet (2000) . The results of this inventory emphasize the fact that a small-scale inventory can yield large-scale results. The 121 percent increase in the documented flora of the monument brings with it numerous other data that are valuable to managers and researchers in many fields of study. Nine probable range extensions were documented (List 3). Two rare species that were previously unknown in the monument were documented, one of which represents a new Madera county record. An infestation of the invasive thistle Cirsium vulgare in a portion of the monument that seldom, if ever, sees human visitors was detected in time to enlist support from the National Park ServiceCalifornia Exotic Plant Management Team and successfully control populations (National Park Service 2011). In addition, List 2 and 4 offer resource managers an idea of which plant taxa to look for in the future in order to continue increasing our knowledge of the flora of Devils Postpile National Monument.
The results of this inventory have also assisted the parks within the Sierra Nevada Inventory and Monitoring Network (SIEN) in subsequent resource management planning efforts, including invasive species and resource management plans. Early detection efforts enabled the implementation of rapid response protocols and successful invasive species management (National Park Service 2011). Data from the results of this study will be useful as Devils Postpile National Monument prepares its resource stewardship strategy and will be available for use in interpretive programs that enrich the visitor experience.
Opportunities for Future Research
As mentioned in the introduction, the flora of Devils Postpile National Monument contains characteristics of both east-and west-side Sierra Nevada floras. There were 373 taxa found in this 319 ha study area, compared to 446 taxa found in a 4400 ha floristic study of the San Joaquin Roadless Area, managed by Inyo National Forest and just east of Devils Postpile National Monument (Constantine-Shull 2000). Other floristic studies in the area include Howald (1983), Bagley (1988), and Taylor (1981) . In a comparative analysis of 13 high-elevation floras, conducted by Constantine-Shull, the flora of the San Joaquin Roadless Area was found to be floristically more similar to other westside floras of the Sierra Nevada than to those of the eastside. Of the westside floras, however, this one had the highest similarity to eastside floras included in the analysis. Devils Postpile National Monument was not included in the analysis, due the absence of grasses, sedges, and willows on the species list at the time. Were the results of this survey to be included in such an analysis, we hypothesize that the flora of Devils Postpile would be in a position close to the San Joaquin Roadless Area with respect to other Sierra Nevada floras.
All floras and florulas represent a snapshot in time of the botanical inventory of an area, and at least some changes are expected, and inevitable, over time. Continued exploration of the monument is desirable, especially additional focused searches for taxa documented to occur nearby but not yet found within the monument. Since this study was conducted, the development of the online Consortium of California Herbaria (CCH) has vastly improved the ability to access a large volume of herbaria records. A recent search yielded six taxa collected within the monument that were not encountered during this study and for which vouchers were not verified. These collections were made between 1935 and 1980, and it is possible that these taxa no longer occur within the Monument but should be included among the list of plants to watch for in Devils Postpile. These taxa are included in list 4. The vascular plant checklist for Devils Postpile National Monument. List is organized by clade following the second edition of The Jepson Manual (Baldwin et al. 2012 ) and online Jepson eFlora (Jepson Flora Project 2013), then by family and taxon name (alphabetical order within family). Abundance is given for each taxon (local: occurring occasionally in small populations, occasional: occurring occasionally as individuals, locally common: occurs occasionally in larger populations, locally abundant: occurs often in dense stands, uncommon: unlikely to be encountered and sometimes not present in appropriate habitats, and abundant: very likely to be encountered/ nearly always found in appropriate habitats, sometimes forming dense stands). Taxa preceded by an asterisk (*) are nonnative, and those by a broken diamond symbol ( ) are listed in the California Native Plant Society's Inventory of Rare and Endangered Plants of California (CNPS 2014) . Habitat or vegetation community type information is given when available, and reflects information taken from voucher labels as well as vegetation mapping plot data. Taxa that were not collected in this study are cited from collections made by the following collectors: KAH 5 K. Ann Hoffmann, SCM 5 Sandra C. Morey, JLM 5 Joseph L. Medeiros, JN 5 Jan Nachlinger; collection numbers were not supplied with the specimens of the latter two collectors. Voucher records from these collectors held in the DEPO herbarium but not referenced here are available upon request from the National Park Service Sierra Nevada Network Inventory and Monitoring Network data manager (http://science.nature.nps.gov/IM/units/sien/) and/or the corresponding author. All collection numbers higher than 8000 are from collections made by Melanie Arnett ( 
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